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We have made the first measurements of the virtual Compton scattering process via the ep —* ep7 
exclusive reaction at Q 2 = 1 GeV 2 in the nucleon resonance region. The cross section is obtained at 
center of mass (CM) backward angle, in a range of total (7*p) CM energy W from the proton mass 
up to W = 1.91 GeV. The data show resonant structures in the first and second resonance regions, 
and are well reproduced at higher W by the Bethe-Heitler+Born cross section, including t-channel 
7r -exchange. At high W, our data, together with existing real photon data, show a striking Q 
independence. Our measurement of the ratio of H(e, e'p)7 to H(e, e'p)ii cross sections is presented 
and compared to model predictions. 

PACS numbers: 13.60.-r,13.60.Fz 



Understanding nucleon structure in terms of the non- 
perturbative dynamics of quarks and gluons requires new 
and diverse experimental data to guide theoretical ap- 
proaches and to constrain models. Purely electro- weak 
processes are privileged tools since they can be inter- 
preted directly in terms of the current carried by the 
quarks. This Letter presents a study of the virtual Comp- 
ton scattering (VCS) process : 7*p — > jp, in the nucleon 
resonance region via the photon electroproduction reac- 
tion : H (e, e'p)j. For the first time, we separate this 
process from the dominant H (e, e'p)ir° reaction above 
pion threshold. 

The Constituent Quark Model of Isgur and Karl jj| re- 
produces many features of the nucleon spectrum. How- 
ever, for W > 1.6 GeV, the model predicts a number 
of positive parity resonances j2| that have not been seen 
experimentally. The simultaneous study of both (Nt:) 
and (Nj) final states of the electroproduction process on 
the nucleon offers probes with very different sensitivities 
to the resonance structures. Another motivation for the 
present study is to explore the exclusive ep — > epj reac- 
tion at high W, where current quark degrees of freedom 
may become as important as those of constituent quarks 
in the understanding of resonances. Quark-hadron du- 
ality implies that even at modest Q 2 , inelastic electron 
scattering in the resonance region can be analyzed in 
terms of quark degrees of freedom in the i-channel of 
the forward Compton amplitude instead of nucleon reso- 
nances in the s-channel |3J. 

We define the kinematics of the ep — > epj reaction in 
Fig. [flu A common set of invariant kinematic variables 
is defined as -Q 2 = (k - k') 2 = q 2 , s = W 2 = (q + p) 2 , 
t = (p — p') 2 , and u — (p — q') 2 . The <f-direction de- 
fines the polar-axis of the coordinate system : 6* and 
</> 77 are the polar and azimuthal angles in the j*p — > ^p 
subprocess CM frame. The scattered electron direction 




FIG. 1: Kinematics for photon electroproduction on the pro- 
ton (a) and lowest order amplitudes for VCS Born (b, c), VCS 
Non-Born (d), Bethe-Heitler (e, f) and t-channel 7r°-exchange 
(g) Q processes. The particles 4-momenta are indicated in 
parenthesis. 



defines 



'77 



in this letter the first measurements of the nucleon ex- 
citation up to W = 1.91 GeV at Q 2 = 1 GeV 2 through 
the ep — + ep7 process in CM backward kinematics (q' 
opposite to q). 

In the one photon exchange approximation, the ep — > 
epj amplitude (Fig. ^) includes the coherent superpo- 
sition of the VCS Born (Fig. ^ an d QJ;) and Non-Born 
(Fig. UJi) amplitudes, and the Bethe-Heitler (BH) am- 
plitude (Fig. Ht and[Tf) 0. Note that in the BH am- 
plitude, the mass of the virtual photon (elastically ab- 
sorbed by the proton) is t. In the VCS amplitude, the 
mass of the virtual photon (inelastically absorbed) is 
— Q 2 . The BH amplitude dominates over the VCS when 
the photon is emitted in either the direction of the inci- 
dent or scattered electron, and breaks the symmetry of 
the electroproduction amplitude around the virtual pho- 
ton direction. Thus, it is not possible to expand the 
77 -dependence of the ep — ► epj cross section in terms 
of the usual electroproduction LT and TT interference 
terms, except when the BH amplitude is really negligi- 
ble. Above the A-resonance, the VCS amplitude is the 
dominant contribution in our kinematics. In this region, 
= 0. The ep — ► epr/ reaction was measured the data are (/) 77 -independent, within our statistics. For 



below pion threshold at MAMI (Q 2 = 0.33 GeV 2 ) |J| 
and at the Thomas Jefferson National Accelerator Facil- 
ity (JLab) (Q 2 = 0.92 and 1.76 GeV 2 ) 0. We present 



these reasons, we have not performed azimuthal analysis 
of the data. 

The experiment was performed at JLab in Hall A. The 
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FIG. 2: Squared missing mass M x for an experimental setting 
at W = 1.2 GeV (a) and zoom around the 7 peak (b). The 
shaded window [-0.005,0.005 GeV 2 ] is used to select the 7 
events. 



continuous electron beam of energy 4.032 GeV with an 
intensity of 60-120 /iA bombarded a 15 cm liquid hy- 
drogen target. The scattered electron and recoil proton 
were detected in coincidence in two high resolution spec- 
trometers. The emitted photon was reconstructed using 
a missing particle technique. A spectrum of the squared 
missing mass M\ = (fc+p-fc'-p') 2 is displayed in Fig0 FIG - 3: Excitation curves for ep -> epj at Q 2 = 1 GeV 2 , 

We give a detailed description of the apparatus, detector ™? ^ = ~ -™ ' *£ fa = X f W- 45 ° ( b )j J 5 ° ( c )> 105 ° 

5 , , • ■ IS n, •, ITS d), 135° (e) and 165° (f). The full line is the BH+Born cross 

acceptance, and systematic errors in H, |9| and [1C|. ^^ and the daghed Une ig the B H+Born+^-exchange 

We extract the 5-fold differential cross section d 5 a = cross section 0] (see text). 

d 5 aJdk' lab d[fl e ]i a bd[flp}cM using the method described 

ire the scattered electron dif- 

The VCS data in Fig: 01 approach the BH+Born cal- 
culation at high W, when we include the destructive t- 
channel 7r° exchange graph [4j of Fig. QV). In the res- 
onance model of Capstick and Keister |l2|, the positive 
parity intermediate states contribute constructively and 
the negative parity states contribute destructively to the 
backward angle cross section. If there are no diffractive 
minima as a function of Q 2 1 this effect will remain in 
VCS. As the level density grows with W, the positive 
and negative parity resonances tend to compensate and 
the backward cross section decreases with increasing W . 

Real Compton scattering (RCS) has been intensively 
investigated in the A(1232)-resonance [13j and in the 
high energy diffractive region Il4l RCS was also stud- 
ied above the A(1232) at Bonn [15|. Saskatoon [lfj, and 
Tokyo |17lll8j . The Cornell experiment [19j measured the 
RCS process at photon energies E 1 in the range 2-6 GeV 
and angles from 45° to 128° in the CM frame. The recent 
JLab experiment E99-114 measured the RCS process at 
E 1 in the range 3-6 GeV. We note that the large angle 
RCS data are roughly independent of angle for 8* 7 > 90°. 
The Cornell RCS data (W, —t, —u all large) are qualita- 
tively consistent with the s -6 scaling law for da /dt \2 ( t 
or with a ^-dependent Compton form factor J21J, \'2'A |23j • 
In Fig. 01 we compare our backward angle ep — > epry 
cross section divided by the photon flux factor (Hand 



in [9j; dk' lab and d[O e ]; a ;, are the scattered electron dif- 
ferential momentum and solid angle in the lab frame, 
and d\Vt p ]cM is the proton CM differential solid angle. 
The calculations of the solid an gle and radiative correc- 
tions are based on a simulation |ll| including the coher- 
ent sum of the BH and VCS-Born amplitudes (Fig. H 3 , 
c, e and f) only. The inclusion of the BH-amplitude en- 
sures that our simulation reproduces the strong 77 de- 
pendence near threshold. Corrections were applied for 
acceptance, trigger efficiency, acquisition and electronic 
dead times, tracking efficiency, target boiling, target im- 
purity and proton absorption 9] . In addition, the correc- 
tion (—0.1 to —1.7%) for exclusive tt° background in the 
M\ window [—0.005, 0.005] GeV 2 was made using our 
simulation [9|. The main results are displayed in Fig. 01 
0] and 03 On these figures, errors are statistical only; the 
systematic errors are of the same order. 

In Fig.OJwe present the 5-fold differential cross sections 
d 5 a for the six bins in 77 (30° wide) as a function of W, 
at Q 2 — 1 GeV 2 and cos#* 7 = -0.975. By symmetry, the 
statistics from </> 77 = to —180° are also included. The 
cross sections we obtain are displayed in tables QJ |H] and 
IIIII Note that these tables are not completely filled due to 
the acceptance of the experiment. The data show strong 
resonance phenomena in the first and second resonance 
regions, but the higher resonances are not distinguishable 
due to the limited statistical precision. 
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FIG. 4: Comparison of VCS data from this experiment 
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to the W = 2.55 GeV Cornell point. The dashed curve is 
the BH+Born+7r°-exchange cross section (see text) and the 
dotted curve the BH alone. 



convention [9j) with existing large angle RCS data. For 
comparison purposes, we average our VCS cross sections 
over the azimuthal angle </> 77 . 

In the resonance region, the VCS/RCS comparison 
in Fig. 01 shows a strong decrease with Q 2 as expected 
from resonance form factors. This is in contrast with 
the behavior in the region of W ~ 1.8 GeV where our 
VCS data are approximately equal to the wide angle 
RCS data. This evidence of Q 2 -independence suggests 
that the Compton process is coupling to point-like con- 
stituents. This conjecture can be tested with new back- 
ward angle VCS data at large W and at this Q 2 and 
above. If this Q 2 -independence is confirmed, we empha- 
size that this is a new probe of the quark structure of the 
proton. 

From these results and those presented in |9| , we have 
computed the ratio between the ep 
cross sections at cos6>* 



ep7 and ep — ► epn 
-0.975 and Q 2 = 1 GeV 2 for 
the entire resonance region. In Fig. [S] we show the value 
of the ratio averaged over the six bins in </> 77 . In the 
region of the P33 A-resonance, the experimental ratio is 
five times larger than the BH+Born+7r -exchange cross 
section divided by the MAID2003 calculation. Thus 
one has to be careful when correcting H(e, e'p)n° exper- 
iments if the resolution does not allow a clear separation 
of the H(e, e'p)j channel. 

In summary, we studied for the first time the process 
ep — > epry in the nucleon resonance region. The data is 
dominated by the VCS process and show similar reso- 
nance phenomena as for RCS. At high W the Q 2 inde- 
pendence of the data suggest the VCS process is coupling 
to elementary quarks. The comparison with ep — > epn 
shows strong variations with W across the resonance re- 
gion. 

We wish to acknowledge essential work of the JLab 
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FIG. 5: Ratio of ep — + epj over ep — » epn cross sections 
at Q 2 = 1 GeV 2 and 6> 77 = 167.2°. The full curve is the 
ratio between the BH+Born-|-7r -exchange cross section and 
the MAID2003 model El- 
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TABLE I: ep -> ep7 cross section (± stat ± syst) at Q 2 =1.0 GeV 2 and cos6>* 7 = -0.975, in fm/MeV/sr 2 
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0.99 


16.6 
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± 41 
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± 84 
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23.9 


± 8.8 


± 5.4 


1.37 


17.5 


± 4.1 


± 4.3 


21.6 


± 3.7 


± 2.1 


30.5 


± 4.6 


± 2.4 


11.8 


± 5.0 


± 9.5 


24.4 


± 7.3 


± 2.1 


22.5 


± 9.6 


± 8.2 


1.39 


18.0 


± 3.8 


± 3.1 


24.2 


± 3.9 


± 4.0 


18.5 


± 4.7 


± 4.4 


23.5 


± 5.8 


± 4.8 


29.1 


± 8.5 


± 6.8 


33.0 


± 11.6 


± 3.0 


1.41 


23.0 


± 4.3 


± 1.3 


20.3 


± 4.2 


± 2.0 


19.8 


± 5.1 


± 4.8 


31.8 


± 6.2 


± 5.1 


24.7 


± 7.8 


± 3.6 


32.7 


± 10.0 


± 4.4 


1.43 


23.9 


± 4.8 


± 2.3 


20.8 


± 5.0 


± 5.3 


16.8 


± 4.5 


± 3.0 


21.6 


± 5.6 


± 2.4 


33.7 


± 8.0 


± 4.7 


27.0 


± 8.5 


± 5.5 


1.45 


15.6 


± 4.9 


± 4.1 


24.8 


± 6.1 


± 3.2 


30.8 


± 5.8 


± 2.2 


33.4 


± 6.6 


± 4.5 


36.7 


± 7.3 


± 5.1 


45.5 


± 10.4 


± 6.7 


1.47 


34.3 


± 7.4 


± 2.9 


33.8 


± 6.5 


± 3.6 


37.0 


± 6.2 


± 2.3 


37.5 


± 6.0 


± 4.9 


44.8 


± 8.0 


± 6.0 


39.4 


± 10.5 


± 4.6 


1.49 


41.5 


± 7.8 


± 4.0 


41.5 


± 6.8 


± 4.2 


45.5 


± 6.3 


± 8.8 


45.4 


± 5.9 


± 7.0 


64.1 


± 9.5 


± 10.3 


67 


± 11 


± 10 


1.51 


36.5 


± 6.7 


± 4.6 


36.6 


± 6.1 


± 4.0 


48.6 


± 5.6 


± 5.9 


50.8 


± 6.1 


± 5.8 


47.6 


± 7.4 


± 5.2 


85 


± 11 


± 11 


1.53 


39.8 


± 6.7 


± 4.7 


39.9 


± 6.0 


± 5.4 


37.0 


± 4.9 


± 4.6 


42.4 


± 5.6 


± 4.5 


39.9 


± 6.2 


± 3.7 


50.4 


± 8.7 


± 6.3 


1.55 


37.1 


± 6.3 


± 2.5 


31.4 


± 4.8 


± 3.9 


26.8 


± 4.0 


± 4.6 


39.0 


± 4.9 


± 3.6 


57.8 


± 7.0 


± 5.2 


61.1 


± 10.0 


± 7.1 


1.57 


15.6 


± 3.9 


± 3.8 


19.7 


± 3.8 


± 3.5 


32.7 


± 4.1 


± 2.8 


36.8 


± 4.3 


± 3.2 


41.3 


± 6.9 


± 7.3 


31.7 


± 9.2 


± 10.2 


1.59 


18.5 


± 3.9 


± 1.3 


30.0 


± 4.2 


± 3.1 


31.5 


± 3.8 


± 3.5 


40.1 


± 4.7 


± 4.7 


27.8 


± 6.4 


± 5.0 


26.0 


± 7.2 


± 8.9 


1.61 


18.1 


± 3.7 


± 3.4 


21.7 


± 3.7 


± 3.5 


28.9 


± 3.5 


± 3.7 


23.8 


± 4.5 


± 3.5 


31.8 


± 5.9 


± 2.4 


26.2 


± 6.4 


± 4.0 


1.63 


19.0 


± 4.0 


± 2.2 


26.4 


± 3.8 


± 1.8 


29.4 


± 3.8 


± 2.6 


27.0 


± 4.4 


± 4.3 


32.6 


± 5.2 


± 4.2 


35.8 


± 6.7 


± 2.7 


1.65 


20.4 


± 4.1 


± 3.3 


25.1 


± 3.7 


± 2.2 


22.3 


± 3.6 


± 3.8 


29.2 


± 3.8 


± 2.4 


39.5 


± 5.6 


± 5.0 


36.8 


± 7.5 


± 6.8 


1.67 


17.7 


± 3.6 


± 3.4 


16.2 


± 3.2 


± 1.6 


26.1 


± 3.5 


± 2.2 


18.8 


± 3.1 


± 2.4 


17.0 


± 5.3 


± 4.7 


19.7 


± 8.3 


± 3.2 


1.69 


10.8 


± 3.2 


± 2.6 


16.2 


± 3.4 


± 3.6 


21.5 


± 3.0 


± 4.5 


16.0 


± 3.6 


± 2.9 


30 


± 13 


± 26 


22.4 


± 14.6 


± 9.8 


1.71 


13.1 


± 3.7 


± 3.8 


13.3 


± 3.1 


± 1.5 


14.1 


± 2.6 


± 3.5 


8.9 


± 4.3 


± 1.9 


16.8 


± 5.6 


± 2.3 


9.5 


± 5.0 


± 2.5 


1.73 


3.4 


± 2.4 


± 3.0 


6.2 


± 2.4 


± 4.5 


8.4 


± 2.8 


± 2.0 


14.4 


± 3.6 


± 2.0 


16.7 


± 3.4 


± 3.4 


14.3 


± 3.7 


± 2.3 


1.75 


17.2 


± 3.5 


± 2.0 


6.5 


± 2.5 


± 1.9 


11.1 


± 3.3 


± 1.3 


10.3 


± 2.2 


± 2.6 


6.7 


± 2.4 


± 1.3 


8.2 


± 3.0 


± 1.4 


1.77 


4.2 


± 2.9 


± 5.4 


5.1 


± 2.5 


± 0.9 


7.1 


± 2.2 


± 1.7 


8.0 


± 1.7 


± 1.0 


8.0 


± 2.4 


± 2.3 


11.6 


± 3.4 


± 1.6 


1.79 


5.6 


± 2.6 


± 3.3 


9.6 


± 2.6 


± 1.8 


7.0 


± 1.6 


± 1.8 


8.4 


± 1.7 


± 0.8 


3.7 


± 4.0 


± 3.5 


4.6 


± 4.0 


± 3.5 


1.81 


4.9 


± 2.0 


± 2.0 


8.8 


± 2.0 


± 0.9 


7.9 


± 1.5 


± 0.8 


13.6 


± 2.2 


± 3.1 


19.0 


± 9.3 


± 10.8 


18.6 


± 9.3 


± 9.8 


1.83 


8.2 


± 1.9 


± 1.1 


5.7 


± 1.6 


± 1.1 


7.7 


± 1.6 


± 0.9 


5.6 


± 3.1 


± 5.1 


4.9 


± 3.6 


± 2.1 


7.1 


± 4.3 


± 2.8 


1.85 


4.6 


± 1.7 


± 0.9 


8.4 


± 1.8 


± 1.5 


5.6 


± 1.8 


± 1.7 


7.3 


± 2.4 


± 1.1 


9.2 


± 2.7 


± 1.0 


8.3 


± 3.2 


± 2.2 


1.87 


4.6 


± 1.9 


± 1.2 


4.8 


± 2.1 


± 1.2 


5.4 


± 2.0 


± 1.6 


6.4 


± 1.8 


± 0.8 


7.1 


± 2.3 


± 2.3 


6.6 


± 2.9 


± 1.4 


1.89 


8.1 


± 3.5 


± 11.2 


8.7 


± 2.6 


± 2.2 


8.2 


± 1.8 


± 0.9 


5.8 


± 1.6 


± 1.0 


13.5 


± 2.9 


± 2.8 


7.8 


± 3.6 


± 1.9 


1.91 


10.1 


± 2.6 


± 1.9 


4.2 


± 2.7 


± 1.8 


5.0 


± 1.4 


± 1.2 


7.3 


± 1.8 


± 1.8 


5.7 


± 3.7 


± 1.8 


10.0 


± 5.9 


± 3.9 
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TABLE II: ep -» ep-y cross section (± stat ± syst) at Q 2 = 1.0 GeV 2 and cos6»* 7 = -0.875, in fm/MeV/sr 2 



W(GcV) 




0= 15° 






= 45° 






= 75° 






4> = 105 


D 




4> = 135 c 






4>= 165 


O 


0.99 


103 


± 74 


± 21 


548 


± 306 


± 112 


362 


± 159 


± 75 


459 


± 107 


± 63 


453 


± 78 


± 46 


478 


± 71 


± 39 


1.01 


76 


± 43 


± 10 


230 


± 94 


± 94 


320 


± 75 


± 54 


342 


± 54 


± 30 


361 


± 47 


± 42 


291 


± 37 


± 28 


1.03 


65 


± 27 


± 14 


186 


± 60 


± 26 


263 


± 48 


± 33 


224 


± 34 


± 17 


280 


± 34 


± 20 


282 


± 32 


± 22 


1.05 


41 


± 24 


± 17 


144 


± 43 


± 13 


204 


± 35 


± 23 


197 


± 28 


± 14 


144 


± 22 


± 18 


141 


± 21 


± 11 


1.07 


22.2 


± 16.2 


± 2.0 


124 


± 34 


± 18 


87.7 


± 19.6 


± 9.0 


154 


± 22 


± 12 


134.5 


± 19.4 


± 6.5 


157 


± 20 


± 14 


1.09 


16.9 


± 12.1 


± 4.5 


115 


± 29 


± 10 


143.9 


± 23.4 


± 9.5 


96 


± 16 


± 40 


124 


± 17 


± 14 


121 


± 19 


± 11 


1.11 


30.7 


± 15.7 


± 7.7 


69.9 


± 20.7 


± 4.2 


106.7 


± 18.4 


± 8.3 


134 


± 18 


± 10 


129 


± 21 


± 13 


81 


± 20 


± 45 


1.13 


30.1 


± 14.1 


± 5.2 


85.5 


± 20.1 


± 8.1 


82.8 


± 14.8 


± 6.6 


114.0 


± 17.9 


± 4.5 


78 


± 19 


± 16 


105 


± 30 


± 11 


1.15 


59.7 


± 20.1 


± 3.9 


45 


± 13 


± 12 


133.1 


± 19.0 


± 9.7 


99 


± 18 


± 18 


98 


± 22 


± 13 


116 


± 25 


± 10 


1.17 


31.1 


± 14.1 


± 8.2 


43 


± 14 


± 15 


110.2 


± 17.7 


± 5.1 


107 


± 18 


± 11 


118 


± 22 


± 14 


106 


± 30 


± 14 


1.19 


130 


± 28 


± 26 


118.5 


± 18.9 


± 8.4 


123 


± 17 


± 11 


126 


± 18 


± 12 


145 


± 29 


± 18 


272 


± 122 


± 90 


1.21 


103 


± 21 


± 11 


124.6 


± 19.0 


± 7.2 


135.7 


± 17.5 


± 5.5 


183 


± 21 


± 11 


177 


± 51 


± 18 


217 


± 70 


± 46 


1.23 


129.0 


± 21.1 


± 8.7 


117.4 


± 18.5 


± 6.7 


135.2 


± 16.3 


± 9.8 


133 


± 20 


± 12 


130 


± 24 


± 42 


68 


± 19 


± 28 


1.25 


99.1 


± 17.4 


± 6.2 


95.9 


± 17.8 


± 7.0 


99.2 


± 13.4 


± 7.4 


68.2 


± 14.1 


± 8.3 


88 


± 14 


± 14 


81.8 


± 21.3 


± 8.8 


1.27 


54.1 


± 13.9 


± 7.6 


60 


± 13 


± 14 


87.1 


± 13.2 


± 5.6 


71.3 


± 11.8 


± 6.3 


58.0 


± 12.5 


± 7.3 








1.29 


35.6 


± 11.8 


± 5.7 


41.8 


± 10.1 


± 9.8 


47.8 


± 10.0 


± 4.1 


70.0 


± 9.4 


± 4.7 


58.5 


± 19.2 


± 7.6 








1.31 


29.6 


± 10.7 


± 5.7 


51.8 


± 10.7 


± 5.9 


49.2 


± 9.0 


± 3.1 


58.3 


± 8.8 


± 3.7 














1.33 


29.3 


± 8.5 


± 2.5 


44.8 


± 10.4 


± 4.7 


35.0 


± 6.6 


± 4.3 


39.8 


± 8.8 


± 2.7 














1.35 


10.4 


± 5.0 


± 7.7 


28.9 


± 9.7 


± 4.6 


31.2 


± 5.4 


± 3.3 


42 


± 11 


± 10 














1.37 


24.0 


± 9.9 


± 5.9 


57.9 


± 12.3 


± 5.0 


45.0 


± 6.3 


± 4.1 


38.4 


± 12.4 


± 4.1 














1.39 








42.1 


± 7.5 


± 7.4 


35.9 


± 6.2 


± 2.3 


31.8 


± 10.3 


± 6.8 














1.41 








21.3 


± 4.8 


± 7.8 


30.8 


± 6.9 


± 1.8 


18.0 


± 9.1 


± 4.1 














1.43 








32.1 


± 5.7 


± 4.2 


27.6 


± 8.0 


± 6.6 


25.8 


± 11.0 


± 7.0 














1.45 








36.9 


± 7.3 


± 8.8 


31.3 


± 8.6 


± 5.5 


11.4 


± 8.4 


± 10.1 














1.47 








44.4 


± 11.7 


± 8.6 


25.3 


± 7.9 


± 10.7 


49.3 


± 12.4 


± 9.3 














1.49 








47 


± 13 


± 14 


46.8 


± 10.0 


± 6.9 


70.4 


± 14.3 


± 8.9 














1.51 








38.4 


± 10.8 


± 6.5 


57.1 


± 10.6 


± 5.7 


50 


± 12 


± 16 














1.53 








40.5 


± 11.4 


± 6.8 


53.4 


± 10.0 


± 3.4 


37 


± 10 


± 12 














1.55 








30 


± 13 


± 16 


45.2 


± 8.4 


± 2.6 


42.0 


± 10.9 


± 6.5 














1.57 








10.3 


± 8.8 


± 1.8 


36.7 


± 7.8 


± 6.8 


59.3 


± 12.3 


± 5.2 














1.59 








15.5 


± 7.3 


± 9.9 


22.1 


± 6.7 


± 3.6 


37.2 


± 12.6 


± 4.3 














1.61 








12.8 


± 6.7 


± 6.5 


28.4 


± 7.4 


± 3.3 


30.8 


± 11.8 


± 3.7 














1.63 














47.3 


± 9.1 


± 4.3 


32.9 


± 12.4 


± 6.7 














1.65 














48.9 


± 9.7 


± 6.0 


27.3 


± 14.4 


± 5.3 














1.67 














18.1 


± 7.4 


± 7.1 


47 


± 13 


± 15 















TABLE III: ep — » ep-y cross section (± stat ± syst) at Q 



=1.0 GeV and cos 9* n 



-0.650, in fm/MeV/sr 2 



W(GoV) 


= 15° 




4> = 45° 






= 75° 






<t> = 105° 






= 13f 


° 




<t> = 165° 




0.99 










554 


± 216 


± 88 


452 


± 90 


± 38 


454 


± 64 


± 23 


340 


± 49 


± 26 


1.01 










380 


± 87 


± 71 


286 


± 46 


± 17 


213 


± 30 


± 16 


274 


± 31 


± 17 


1.03 




237 


± 109 


± 55 


270 


± 50 


± 18 


195 


± 28 


± 16 


233 


± 27 


± 12 


205 


± 25 


± 11 


1.05 




277 


± 94 


± 63 


234 


± 41 


± 12 


211 


± 27 


± 16 


167 


± 22 


± 14 


173.9 


± 22.2 


± 9.6 


1.07 




65 


± 36 


± 19 


183.2 


± 29.7 


± 8.7 


161 


± 21 


± 10 


140 


± 18 


± 11 


142 


± 19 


± 20 


1.09 




266 


± 59 


± 12 


153.9 


± 24.0 


± 9.5 


169.1 


± 20.6 


± 9.2 


138 


± 19 


± 10 


97 


± 21 


± 101 


1.11 




189 


± 44 


± 18 


139.0 


± 21.1 


± 5.3 


108.1 


± 15.8 


± 7.7 


152 


± 26 


± 41 








1.13 


462 ± 181 ± 270 


195.4 


± 41.0 


± 9.0 


113.5 


± 17.1 


± 5.6 


123.1 


± 18.8 


± 7.5 














1.15 


131 ±69 ±97 


92.1 


± 26.4 


± 9.9 


102.4 


± 15.6 


± 5.4 


125 


± 20 


± 11 














1.17 




132 


± 27 


± 13 


95 


± 15 


± 10 


135 


± 21 


± 15 














1.19 




107 


± 22 


± 24 


168.7 


± 20.3 


± 5.9 


152 


± 22 


± 27 














1.21 




154 


± 24 


± 22 


153 


± 18 


± 14 


125 


± 21 


± 17 














1.23 




104 


± 19 


± 16 


132 


± 17 


± 10 


87 


± 21 


± 10 














1.25 




108 


± 19 


± 12 


76 


± 13 


± 12 


50 


± 15 


± 59 














1.27 




107 


± 20 


± 11 


103 


± 15 


± 15 


85 


± 16 


± 73 














1.29 




51.1 


± 17.4 


± 6.8 


79 


± 15 


± 15 


43 


± 10 


± 12 














1.31 




77 


± 19 


± 23 


69 


± 13 


± 14 


68 


± 14 


± 32 














1.33 




60 


± 16 


± 16 


42 


± 10 


± 15 


54 


± 15 


± 42 














1.35 




62.7 


± 16.3 


± 4.4 


65.6 


± 11.4 


± 3.4 





















